We analyzed the Kepler long cadence data of KIC 7524178 (=KIS J192254.92+430905.4), and found that it is an SU UMa-type dwarf nova with frequent normal outbursts. The signal of the negative superhump was always the dominant one even during the superoutburst, in contrast to our common knowledge about superhumps in dwarf novae. The signal of the positive superhump was only transiently seen during the superoutburst, and it quickly decayed after the superoutburst. The frequency variation of the negative superhump was similar to the two previously studied dwarf novae in the Kepler field, V1504 Cyg and V344 Lyr. This is the first object in which the negative superhumps dominate throughout the supercycle. Nevertheless, the superoutburst was faithfully accompanied by the positive superhump, indicating that the tidal eccentric instability is essential for triggering a superoutburst. All the pieces of evidence strengthen the thermal-tidal instability as the origin of the superoutburst and supercycle, making this object the third such example in the Kepler field. This object had unusually small (∼1.0 mag) outburst amplitude and we discussed that the object has a high mass-transfer rate close to the thermal stability limit of the accretion disk. The periods of the negative and positive superhumps, and that of the candidate orbital period were 0. 
Introduction
Cataclysmic variables (CVs) are close binary systems consisting of a white dwarf and a red-dwarf secondary transferring matter via the Roche-lobe overflow [for a review, see Warner (1995) ]. SU UMa-type dwarf novae are a class of CVs which show superoutbursts in addition to normal dwarf-nova outbursts. The most distinguishing feature of superoutbursts is the presence of superhumps (positive superhumps), whose periods are a few percent longer than the orbital period. The origin of the superhump is generally considered as the consequence of the growth of the tidal eccentric instability when the disk radius reaches the 3:1 resonance (Whitehurst 1988) , and the increased tidal dissipation results in the long, bright superoutburst (Osaki 1989; Osaki 1996) [thermal-tidal instability (TTI) model] . Although the TTI model has been widely accepted, it has been challenged by an irradiation-induced mass-transfer model (e.g. Smak 1991; Smak 2004; Smak 2009 ) and a pure thermal instability model (e.g. Cannizzo et al. 2010) . Quite recently, Osaki, Kato (2013a) demonstrated that the variation of the frequency of the negative superhumps, which have shorter periods than the orbital period and are considered as a result of a tilted disk (e.g. Harvey et al. 1995; Patterson et al. 1997; Wood, Burke 2007) , exactly reproduces the disk radius variation predicted by the TTI model. KIC 7524178 (also referred to as KIS J192254.92+430905.4, hereafter KIS J1922) is a CV identified as an object with an Hα emission (Scaringi et al. 2013) . KIS J1922 showed relatively strong Balmer and HeI emission lines on a blue continuum (Scaringi et al. 2013) . These emission lines were sharp, suggesting a low orbital inclination. We analyzed the long cadence (LC) public Kepler data (quarters 15 and 16) of this object and found that it is an SU UMa-type dwarf nova with short outburst intervals. What is most surprising was that negative superhumps were predominantly present even during the superoutburst. In this Letter, we report our analysis of the object and examine whether such an unusual phenomenon can be understood within the framework of the TTI model.
Data Analysis and Results
The data analysis was performed practically in the same way as in Osaki, Kato (2013a) and Osaki, Kato (2013c) : we used two-dimensional Fourier analysis with and with-[Vol. , out the Han window function, and least absolute shrinkage and selection operator (Lasso; Tibshirani 1996; Kato, Uemura 2012; Kato, Maehara 2013) for detecting periodic signals. We use P orb and P SH for the orbital period and superhump period, respectively. We introduce the fractional superhump excess in the frequency unit ε * ≡ 1−P orb /P SH . ε * + and ε * − represent ε * for positive and negative superhumps, respectively.
As seen in the upper panel of figure 1 , the Kepler data immediately indicates the pattern of a frequently outbursting SU UMa-type dwarf nova: the existence of numerous short outbursts and one long outburst. The results of the Fourier analysis are shown in figure 1 . Astonishingly, the signal around the frequency 13.7-13.8 c/d persisted with almost the constant strength (in flux unit) throughout the Kepler observation. Since the frequency is variable, this signal cannot be the orbital period. Instead, the frequency gradually increased prior to the long outburst, and more rapidly decreased during the long outburst, reached the minimum after the long outburst and started to increase again gradually. This pattern of the frequency variation follows the same pattern of the persistent negative superhumps in V1504 Cyg (Osaki, Kato 2013a; Osaki, Kato 2013c ) and V344 Lyr (Osaki, Kato 2013c ). Furthermore, we could detect a transient signal around frequency 12.5-12.8 c/d during the long outburst (BJD 2456283-2456290) . By analogy with V1504 Cyg and V344 Lyr, we identified this transient signal as the positive superhump. Thus the long outburst is indeed a superoutburst and this star is an SU UMa star.
The Lasso two-dimensional power spectrum is shown in figure 2 . This analysis used two frequency windows covering the fundamental and the first harmonic and suppressed the signal at other frequencies. Both the fundamental and the first harmonic signals of the negative superhumps were clearly detected with frequency variations as will be discussed below. The positive superhump was detected as a broad band. The first harmonic was more strongly detected for the positive superhump due to strongly non-sinusoidal profile of the positive superhump.
Discussion

Frequency Variation of Negative Superhumps
The global frequency variation of the negative superhumps closely followed the pattern observed in V1504 Cyg and V344 Lyr. This global variation reflects the secular increase of the disk radius (and the angular momentum) with the progress of the supercycle. In addition to this, the frequency reached a local peak around the maximum of each normal outburst and then decreased during the subsequent fading. This pattern is also common to V1504 Cyg and V344 Lyr, and it reflects the variation of the disk radius due to the thermal instability.
1 In both re-1 Smak (2013) claimed that this interpretation is unjustifiable. We presented our detailed accounts to all of his criticisms by offering clear explanations to his criticisms in Osaki, Kato (2013b) , and indicated that the variation of the disk radius most strongly affects the frequency variation of the negative superhumps. We spects, we can add yet another example supporting the TTI model.
The degree of variation of the frequency in accordance with the normal outburst is smaller in KIS J1922 than in V1504 Cyg and V344 Lyr [this becomes more apparent with the phase dispersion minimization (PDM; Stellingwerf 1978) analysis in subsection 3.4]. This can be understood as an effect of a shorter interval between normal outbursts in KIS J1922: the time for the disk to shrink is shorter in KIS J1922 (see a discussion in Osaki, Kato 2013b . for more potential factors). KIS J1922 resembles ER UMa and BK Lyn (Osaki, Kato 2013b) . in the small degree of frequency variations in accordance with the normal outburst interval.
Profile of Negative Superhumps
The profile of negative superhumps in different phases is shown in figure 3 . The profile tends to have a rather flat followed this interpretation throughout this letter. (Middle:) Lasso power spectrum (log λ = −4.5) of the first harmonic. The width of the sliding window and the time step used are 4 d and 0.5 d, respectively. The Lasso spectrum was obtained by assuming two frequency windows covering the fundamental and the first harmonic. The first harmonic component of the negative superhump is stronger in the earlier part of the supercycle (i.e., in the later part of the figure, especially after the superoutburst). The harmonic component of the positive superhump can be also seen. (Lower) Lasso power spectrum of the fundamental. The frequency variation of the negative superhump is very clearly depicted. The frequency gradually increased during a sequence of normal outbursts. The frequency also shows a variation in accordance with the normal outburst. minimum and a slightly slower rise than the fade, all of which are common to the negative superhumps in V1504 Cyg (figure 6 in Osaki, Kato 2013c), although the asymmetry is less prominent in KIS J1922. This is probably because the disk in KIS J1922 always stays close to the hot state, and the profile may not vary strongly in accordance with the outburst state.
Positive Superhumps
As seen in figures 1 and 2, the positive superhumps were only briefly present during the superoutburst, and the strength of the signal of the negative superhumps always dominated over the positive superhumps. In ER UMa, negative superhumps were very prominently seen even during superoutbursts in 2011-2012 (Ohshima et al. 2012) . Even in the case of ER UMa, the initial stage of the superoutbursts was dominated by the positive superhumps. KIS J1922 is the first object in which the negative superhump dominates throughout the supercycle. Nevertheless, there has been no exception to the rule that the positive superhumps always appear during the superoutburst including the most extreme cases such as the object and ER UMa (Ohshima et al. 2012) . We can conclude that the faithful existence of the positive superhumps during the superoutburst indicates that the tidal eccentric instability is essential for triggering a superoutburst, as predicted by the TTI theory.
By looking at the pattern of the beat phenomenon between the negative and positive superhumps in the light curve (figure 4), we could trace the development of the positive superhumps. The beat phenomenon with a period of ∼1 d could be detected throughout the plateau part of the superoutburst with decreasing amplitudes. This suggests that the positive superhump were decaying during the plateau phase, and almost disappeared at the end of the plateau phase. This behavior is in agreement with the two-dimensional power spectral analysis, which has a lower time resolution. The beat phenomenon could be traced to the slowly rising part (BJD 2456283-2456285) just preceding the superoutburst. This suggests that the positive superhumps were growing just after the normal outburst preceding the superoutburst (i.e. stage A superhumps, Kato et al. 2009 ). The normal outburst was thus a precursor outburst as in V1504 Cyg (BJD 2455876-2455879, Osaki, Kato 2013b). The apparent lack of the precursor part in the main superoutburst (starting from BJD 2456285) can naturally be understood.
Estimation of Orbital Period
As shown in Osaki, Kato (2013c) , ε * + is approximately 7/4 times 2 larger than ε * − when the pressure effect can be ignored. By comparing the measured frequencies of negative and positive superhumps when both signals are simultaneously present, we can estimate the orbital period. Since the positive superhumps never became the dominant signal in KIS J1922, we consider that the eccentricity is almost confined to the outer edge of the disk and the pressure effect can be ignored (cf. Osaki, Kato 2013c ). This relation was obtained when we assume an orbital period of 0.07455±0.00010 d. We found a candidate orbital period (5σ detection) of 0.074606(1) d in this period range using the entire LC data (figure 5). This period well explains the relation between ε * + and ε * − (figure 6) as in V1504 Cyg and V344 Lyr (Osaki, Kato 2013c) .
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This value is weakly dependent on the distribution of the mass in the disk, see appendix in Osaki, Kato (2013c). This candidate orbital period appears to be sometimes present in the Lasso spectrum (figure 2). The weakness of the signal of the orbital period is consistent with the low orbital inclination suggested from the spectrum.
Assuming this orbital period, we can estimate the mass ratio (q = M 2 /M 1 ) by the method of Kato, Osaki (2013) . Since the positive superhump grew (stage A superhumps) during BJD 2456281-2456285, we used the frequency of this interval [12.77(2) c/d] and obtained q=0.14(1). The minimum frequency [12.68(2) c/d] was recorded in the segment BJD 2456284-2456288. This frequency corresponds to q=0.16(1). Considering the uncertainties in the frequency determination, we estimated q to be in a range of 0.14-0.16.
Cycle Length and Estimated Supercycle
The intervals between the normal outbursts ranged from 5-9 d, the shortest ones were seen just before the superoutburst. The cycle length is thus between the extreme ER UMa-type objects (cycle lengths as short as 4 d; Kato, Kunjaya 1995; Robertson et al. 1995; Patterson et al. 1995) and SU UMa-type dwarf novae with shortest cycle lengths such as YZ Cnc (8 d).
Although only one superoutburst was recorded in the Kepler data, we can estimate the supercycle length by using the systematic slow increase of the frequency of the negative superhump as supercycle phase increases. A supercycle of 140(10) d produces a smooth frequency variation versus the supercycle phase before and after the superoutburst, and we expect that the supercycle length of 
Short Duration of Superoutburst
The duration of plateau portion of the superoutburst was only 7 d (BJD 2456285-2456292), which is much shorter than those (10-14 d) of most of SU UMa-type dwarf novae. The case appears similar to ER UMa (Ohshima et al. 2012) , in which the duration of the superoutburst is shorter when negative superhumps appeared. This consequence is naturally understood assuming a disk tilt. If the disk is tilted, the gas stream from the secondary reaches the inner part of the accretion disk and thereby reduces the mass-transfer rate in the outer part of the disk, which is responsible for a long-duration superoutburst in high mass-transfer systems (Osaki 1995) .
In addition to this, the positive superhumps appear to be suppressed in the presence of the strong negative superhumps. While in most of SU UMa-type dwarf novae, including ER UMa stars, the signal of positive superhumps can survive for one or two cycles of normal outbursts (e.g. Patterson et al. 1995; Still et al. 2010; Osaki, Kato 2013c) , the positive superhump disappeared soon after the plateau phase in KIS J1922. It appears that the disk tilt may somehow suppress the tidal eccentric instability, and this possibility deserves further investigation.
Low Outburst Amplitude
Although Kepler has no fixed zero points, the object was always recorded above 800 count s −1 , suggesting that the amplitude of this dwarf nova is unusually low. The full amplitude in the Kepler data only amounted to 1.0 mag. The object was listed as an object with a g-magnitude of 16.61 in the Kepler Input Catalog and faintest magnitude recorded in the past survey plates was B=18.35 (USNO YB6 Catalog, unpublished, referred in NOMAD Catalog). The majority of the past records suggests that the object varied within a narrow range of 16.2-17.3 mag (system close to V ), confirming the very low outburst amplitudes in Kepler observations. There is no contaminating object brighter than magnitude 19 within 15 ′′ of the object. An examination of the Digitized Sky Survey could not resolve any close companion. Considering that the object is faint in the infrared (J=16.94 and K s =17.27 in 2MASS) and the V − J color is consistent with a CV disk, we consider this light comes from the accretion disk, rather than an unresolved companion.
The low amplitude suggests that the accretion disk does not fully return to the true quiescent state (low state) and the some part of the disk always remains hot.
Cycle Length of Normal Outbursts
Osaki, Kato (2013a), Ohshima et al. (2012) , Zemko et al. (2013) indicated that the presence of negative superhumps suppresses the occurrence of normal outbursts. This appears to be a reasonable consequence if the disk is indeed tilted: the mass supply to the outer disk is reduced and outside-in type outburst is expected to be suppressed. However, in the case of KIS J1922, the cycle length is as short as 5-9 d, and all normal outbursts appear to be outside-in type accompanied by a rapid rise (in ∼1 d). This may be understood if the mass-transfer rate in KIS J1922 is close to the thermal stability, and the disk stays only slightly below the thermal stability. In such a system, the normal outbursts could occur more frequently (with intervals as short as 4 d) as in ER UMa stars, and the cycle length of 5-9 d may reflect the reduced occurrence of normal outbursts in the presence of a disk tilt. The condition appears to be close to BK Lyn (see also subsection 3.1). If the disk in KIS J1922 ceases to tilt, the object may enter the novalike state as in BK Lyn (cf. .
Only a few systems below the period gap have (nearly) thermally stable disks. The well-known examples include BK Lyn (cf. Patterson et al. 2013 ) and post-novae such as V1974 Cyg . BK Lyn has recently been proposed to be a post-outburst nova (Hertzog 1986; Patterson et al. 2013) , suggesting that all these high masstransfer objects below the period gap are post-outburst novae. Given the unusual nature of KIS J1922, a search for a nova remnant (cf. Shara et al. 2012a; Shara et al. 2012b ) may be fruitful.
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